Background: Little has been reported on mortality following admissions at weekends for many gastrointestinal (GI) disorders. The aim was to establish whether GI disorders are susceptible to increased mortality following unscheduled admission on weekends compared with weekdays. Discussion: There is little, or no, evidence of a weekend mortality effect for most major general surgical or medical GI disorders, but large weekend effects for GI cancer and severe liver disease. Lower admission rates at weekends indicate more severe cases. The findings for severe liver disease may suggest a lack of specialist hepatological resources. For cancers, reduced availability of end-of-life care in the community at weekends may be the cause.
Introduction
A weekend effect of increased mortality for admissions on weekends, compared with normal weekdays, has been investigated extensively in recent years 1 -3 . Large weekend effects greater than 14 per cent have been reported previously for particularly high-risk acute conditions including stroke 3 -6 , subarachnoid haemorrhage 3, 7 , abdominal aortic aneurysm 3, 8, 9 and pulmonary embolism 3,9 -11 , as well as various cancers 9, 12 .
Gastrointestinal (GI) diseases are the leading cause of hospital admission and the third leading cause of death in the UK after circulatory and respiratory diseases 13 . However, other than several reports on the weekend effect for upper GI bleeding 3,14 -21 , and two reports from Australia 12 and Canada 9 on the weekend effect for some GI cancers, little has been reported for other GI conditions.
The primary objective of this study was to establish whether a wide range of major GI disorders are susceptible to the so-called weekend effect on mortality, following unscheduled hospital admission. Further objectives were to determine whether any weekend effect varies according to the type of GI disorder (general surgical or medical, hepatic and cancer), and also to establish whether there are any differences in patient or clinical factors between weekday and weekend admissions. Importantly, to provide confirmatory evidence, the study was designed to use data collected independently from the two separate national health services in England and Wales.
Methods

Study population
The study covered emergency admissions among adults (aged at least 18 years) for major GI disorders to all public hospitals across England and Wales from 1 January 2004 to 31 December 2012. These were identified from national administrative inpatient data, Hospital Episode Statistics for England (population 53⋅5 million in 2012) and the corresponding Patient Episode Database for Wales (population 3⋅07 million). The inpatient data were linked systematically to mortality data from the Office for National Statistics and the Welsh Demographic Service to identify all deaths that occurred after discharge from hospital, as well as inpatient deaths, within 30 days of admission. These information sources have been used extensively by the present authors for previous studies of mortality following hospitalization for GI and other disorders 3,15,22 -24 . The information sources were compiled, stored and accessed through a secure, privacy-protected, data storage gateway, the Secure Anonymised Information Linkage (SAIL) databank 25 -27 , supported by the Farr Institute of Health Informatics Research. The ascertainment of mortality and the record linkage methodology, based on a unique, anonymized, encrypted linking field for each patient, have been validated as greater than 98 per cent and more than 99⋅8 per cent accurate 26 .
Using methodology described previously 24 , each person's first emergency admission following the start of the study period was included, and then also subsequent admissions provided they occurred at least 30 days after discharge from a preceding emergency admission.
Ethical approval for the study data was not required as it is based on anonymized data. Approval was obtained instead from the independent Information Governance Review Panel, which includes members of the National Health Service (NHS) National Research Ethics Service, British Medical Association, Caldicott Guardians, Public Health Wales NHS Trust, NHS Wales Informatics Service and members of the public.
Gastrointestinal disorders
The study covered all 'major' GI disorders that carry substantial mortality. These were defined by a principal ICD-10 diagnostic category at discharge that led to at least 50 deaths in England and Wales within 30 days of acute hospitalization during the study interval. Nineteen ICD-10 categories relating to GI disorders fulfilled these criteria. These were designated as 'general surgical or medical GI disorders' (11 conditions), 'hepatic disorders' (2) and 'GI malignancy' (6) .
The 11 general surgical or medical GI disorders were: upper GI bleeding, perforated peptic ulcer and peritonitis, gastritis, non-hiatal hernia, inflammatory bowel disease, non-infective gastroenteritis, intestinal obstruction, diverticular disease, gallstone disease, acute pancreatitis and intestinal infections.
The hepatic disorders were alcoholic liver disease and hepatic failure, which were also grouped together as 'severe liver disease', as they are the most life-threatening forms of liver disease (ICD-10 codes are shown in Appendix S1, supporting information). Additionally, alcoholic liver disease was differentiated according to the following aetiologies, which each led to more than 50 deaths at 30 days in England and Wales: alcoholic hepatitis, alcoholic cirrhosis of liver and alcoholic hepatic failure. GI malignancies were assessed overall and by major cancers (oesophageal, gastric, colorectal, liver, pancreatic and gallbladder).
Study outcome and 'exposure' measures
The main outcome measure was the weekend effect, which was defined as the percentage increased or decreased mortality (at 30 days after acute admission) for admissions on weekends compared with admissions on weekdays. Weekends were defined as 00.00 hours on Saturday to 23.59 hours on Sunday. Public holidays were not counted as weekend or weekday admissions, and were excluded from the analysis of weekend effects. The secondary outcome measure was mortality at 30 days, established using the numbers of admissions for each GI disorder as denominators and the numbers of deaths (conventionally from all causes) as numerators.
A possible weekend effect for severe liver disease was assessed according to whether or not patients were admitted to one of the six hospitals in England in which liver transplant centres were located and, for patients admitted, according to whether they were local patients. The transplant centres were located throughout the study period in Birmingham, Cambridge, Leeds, London (2) and Newcastle 28 , and local patients were defined as resident in local authorities served by the trusts in which the transplant centres were located.
When assessing GI cancers, upper GI bleeding and non-hiatal hernias, the weekend effect was compared according to whether or not the patients came under the care of a surgical consultant (recorded during either the first or last episodes of the admission spell). Similarly for hepatic disorders, the weekend effect was assessed according to whether or not the patients were managed by a consultant gastroenterologist or hepatologist.
Statistical analysis
Methods of analysis included multivariable logistic regression modelling to adjust for the weekend effect (mortality odds ratios for weekend versus weekday admissions), patient age (in 5-year groups from age 35 to more than 85 years, with age less than 35 years as the reference category), sex and 11 major patient co-morbidities (ischaemic heart disease, other cardiovascular disease, cerebrovascular disease, other circulatory disease, malignancy, liver disease, chronic obstructive pulmonary disease (COPD), asthma, diabetes, renal failure and dementia; ICD-10 codes are listed for each co-morbidity in Appendix S1, supporting information). Co-morbidities were based on a diagnosis recorded in any position on the patient's current inpatient record, or on previous inpatient records during the preceding 5 years. In the multivariable modelling, to eliminate any possible bias in the determination of patient co-morbidity from inpatient admissions alone, adjustment was also made for patients with no admissions during the preceding 5 years. In a further analysis of weekend effects, additional adjustment was made for social deprivation quintile 29, 30 , year of admission, whether or not the patients were managed surgically, the admission source (accident and emergency department, general practitioner, consultant clinic or other source), day of death (weekend or weekday) and hospital size (England: fewer than 200, 200-399, 400-599, 600-799, 800-999 and 1000 or more beds; Wales (with relatively fewer hospitals): fewer than 200, 300-399, 400-599 and 600 or more beds).
Relative survival was calculated as a ratio to compare the observed survival in the hospitalized patients with that expected in the corresponding (age-and sex-matched) general populations of England and Wales, and was presented graphically up to 30 days after admission. The expected mortality was calculated by applying age-and sex-specific mortality rates in the general population with the corresponding numbers of study patients in each quinquennial age and sex stratum 23, 24 . Other methods of analysis included mortality rates with associated 95 per cent confidence intervals, calculated using the exact method; admission rates; Mann-Whitney U tests to compare median length of stay for patients admitted on weekdays and weekends; and t tests to compare mean patient ages and numbers of co-morbidities. Mortality rates were calculated using the number of deaths at 30 days as numerator and the number of admissions as denominator, and are expressed as percentages. Admission rates were calculated using the number of study patients as numerator, the resident populations of England and Wales (based on the mid-study year, 2008) as denominator, and are expressed per 100 000 population.
The Bonferroni correction was applied to adjust for multiple testing of disorders, although this correction can be regarded as conservative. Significance was measured at the conventional 5 per cent level; all tests were two-tailed. The methodology reported follows the STROBE statement 31 admitted to liver transplant centres. Consultant specialty was missing for 0⋅03 per cent (786) of patients in England and for no patients in Wales. With little or no influence on the study findings, missing data were excluded from the analyses involving the respective factors. There were no missing data for day of admission and death, year of admission, or hospital size.
Comparison of patient and clinical factors for weekday and weekend admissions
For each GI disorder, Table 1 shows the number of admissions, population admission rates, median lengths of stay, mean ages and numbers of co-morbidities for patients admitted at the weekend and on weekdays. For the 19 GI disorders overall, admission rates were 27⋅5 per cent lower at weekends than on weekdays in England and 34⋅4 per cent lower in Wales, with the greatest reduction in weekend admissions for GI cancer (by 44⋅6 per cent in England and 52⋅8 per cent in Wales) and for severe liver disease (43⋅3 per cent in England and 51⋅4 per cent in Wales). Patients admitted at the weekend had a similar number of recorded co-morbidities to those admitted on weekdays (for the 19 GI disorders combined: mean 1⋅6 versus 1⋅6 in England (P = 0⋅701) and 1⋅7 versus 1⋅7 in Wales (P = 0⋅452)). They were also of similar age (mean 60⋅5 versus 60⋅7 years in England and 61⋅0 versus 61⋅7 years in Wales) and had a similar duration of inpatient stay (median 4⋅0 days for both groups in both England and Wales), although, with the large study sizes, the slight differences were significant (P < 0⋅001). For each GI disorder, admission at the weekend, compared with on weekdays, was proportionately more often through accident and emergency departments rather than via general practitioners or consultant clinics ( Table 2) . For most disorders, the proportion of patients managed surgically was similar on weekdays and at weekends ( Table 2) .
Comparison of 30-day mortality for weekday and weekend admissions
General surgical and medical gastrointestinal disorders
For the 11 general surgical and medical GI disorders, there was little or no evidence of significant weekend admission effects on mortality in England or Wales ( Table 3) . However, after correction for multiple testing across the 11 disorders, there were significant weekend effects in England for two disorders: upper GI bleeding (9⋅9 (95 per cent c.i. 6⋅1 to 14⋅0) per cent; P < 0⋅001) and non-hiatal hernia (27⋅7 (18⋅6 to 37⋅6) per cent; P < 0⋅001). In patients managed surgically, there was no weekend effect for upper GI bleeding (4⋅1 (−4⋅3 to 13⋅1) per cent) and a slightly reduced weekend effect for non-hiatal hernia (25⋅0 (15⋅5 to 35⋅1) per cent).
Severe liver disease
There were large and significant weekend effects for alcoholic liver disease (England: 27⋅4 per cent, P < 0⋅001; Wales: 26⋅2 per cent, P = 0⋅009), and also for hepatic failure in England (14⋅5 per cent; P = 0⋅019). In Wales, the weekend effect for hepatic failure was greater than in England, but marginally non-significant (57⋅3 (95 per cent c.i. −1⋅5 to 151⋅0) per cent; P = 0⋅060) ( Table 3) . When differentiating the different aetiologies of alcoholic liver disease, there were large weekend effects for alcoholic liver failure and alcoholic cirrhosis of the liver, but not for alcoholic hepatitis (Table 3) . When alcoholic liver disease and hepatic failure were combined as 'severe liver disease', the weekend increased mortality effects were 26⋅2 (21⋅1 to 31⋅6) per cent in England and 32⋅0 (12⋅4 to 55⋅1) per cent in Wales.
In both England and Wales, overall mortality for severe liver disease was significantly lower among patients managed by a consultant hepatologist or gastroenterologist ( Table 4) . Mortality was also significantly lower among patients treated at one of the six specialist liver transplant centres in England, although most of this reduction was for people who were not local residents ( Table 4) . The weekend mortality effect for severe liver disease was also substantially lower among patients admitted to a liver transplant centre (49⋅4 per cent reduction) or managed by a consultant hepatologist or gastroenterologist (45⋅1 per cent lower in England and 24⋅2 per cent lower in Wales), although these differences were marginally non-significant (Table 4) .
When adjusting the weekend effects for additional factors, there was no significant impact on weekend effect sizes for year of admission, hospital size, day of death and surgical management (all less than 5 per cent reduction), or for social deprivation (less than 10 per cent reduction). After adjusting for admission source, the weekend effect fell from 26⋅2 (95 per cent c.i. 21⋅1 to 31⋅6) to 18⋅9 (14⋅0 to 24⋅1) per cent in England. No weekend effects were observed for patients admitted through consultant clinics, but there were significant weekend effects for all other sources of admission in England ( Table 4) .
Gastrointestinal cancer
There were large significant weekend effects on mortality for GI cancer overall in both countries (England: by 21⋅8 (95 per cent c.i. 19⋅1 to 24⋅5) per cent, P < 0⋅001; Wales: by 25⋅0 (15⋅0 to 35⋅9) per cent, P = 0⋅002). For each main GI cancer (oesophageal, gastric, colorectal, liver and pancreatic), there was a remarkably consistent and large weekend mortality effect in both populations of between 18⋅5 and 39⋅7 per cent. For gallbladder cancer, there was a similar but marginally non-significant weekend effect of 21⋅9 per cent in England, but an imprecise decreased weekend effect of 33⋅0 per cent in Wales ( Table 3) . After correction for multiple testing, the weekend effects were still significant for GI cancer overall and for the three most common GI cancers (colorectal, gastric and oesophageal) in England.
When assessing the impact of surgical involvement in the management of patients with cancer, mortality was much lower in those managed by surgeons compared with all other specialties ( Table 4 ). The weekend mortality effect was also significantly higher in patients not managed by a surgeon in England (27⋅7 versus 14⋅0 per cent) and non-significantly higher in Wales (28⋅6 versus 26⋅0 per cent).
After adjusting for additional factors, there was no significant influence on weekend effect sizes for year of admission, hospital size, day of death and surgical management (all less than 5 per cent reduction), or for social deprivation (less than 10 per cent reduction). After adjusting for admission source, the weekend effect fell from 21⋅8 (95 per Values in parentheses are 95 per cent confidence intervals. *These weekend mortality effect sizes are adjusted for patient age, sex and 11 major co-morbidities (for ICD-10 codes, see Appendix S1, supporting information) and are based on odds ratios from logistic regression modelling. GI, gastrointestinal. Values in parentheses are 95 per cent confidence intervals. *These weekend mortality effect sizes are adjusted for patient age, sex and 11 major co-morbidities (for ICD-10 codes, see Appendix S1, supporting information), and are based on odds ratios from logistic regression modelling. †Information on residential local authority was missing for 145 patients. ‡There are no liver transplant centres in Wales. §Denotes no deaths after weekend admission. GI, gastrointestinal; A&E, accident and emergency department; GP, general practitioner. There was a significant inverse weekend effect for patients admitted with GI cancer via consultant clinics in England, but normal weekend effects for the other admission sources ( Table 4) .
Relative survival
For both GI cancer and severe liver disease, relative survival up to 30 days after admission, compared with the general population, was substantially worse for admissions at the weekend than on weekdays; most of this excess mortality for weekend admissions was evident by 7 days after hospitalization (Fig. 1) .
Discussion
The study reports on weekend mortality effects for major GI disorders. It covers medical and surgical GI disorders, severe liver disease and GI cancers, and, for confirmatory purposes, was based on two corresponding but independently collected information sources. There was little or no evidence of strong weekend mortality effects for most general surgical and medical GI conditions. There was, however, some evidence of a weekend effect for upper GI bleeding and non-hiatal hernia, although there was no weekend effect for bleeds that were managed surgically. Weekend effect sizes of similar magnitude 15 -18 , or larger 19 , have been reported previously for upper GI bleeding, although others 14, 20, 21 have reported no weekend effect. This variable evidence for upper GI bleeding reflects, at least partly, variation across studies in study settings and case ascertainment criteria. There are no previous reports of a possible weekend effect for non-hiatal hernia.
Patients admitted at the weekend for general surgical or medical GI disorders were broadly comparable with those admitted on weekdays in terms of their median duration of inpatient stay, mean age and major co-morbidities, although it is possible that co-morbidities were documented less fully at weekends. However, for every disorder, admission rates in both populations were clearly and significantly lower at weekends than on weekdays, and weekend admissions were proportionately more often through accident and emergency departments than via general practitioners or consultant clinics. This indicates that there is a higher disease severity threshold for admission at the weekend, although in some hospitals this could be related to admission protocols, availability of services, beds or other factors. With fewer patients with mild disease admitted, a dilution effect during the week may partly explain the increased mortality following weekend admission.
The significantly increased mortality rate among patients admitted with severe liver disease at weekends (26⋅2 per cent in England and 32⋅0 per cent in Wales) has not been reported previously. Both mortality and the weekend effect were substantially less among patients managed by a consultant gastroenterologist or hepatologist. They were also lower among patients who were admitted to a liver transplant centre, although the reduction was confined largely to patients who were not local residents. This suggests that both overall mortality and the weekend effect are the result of the known lack of specialist hepatology resources in most centres 28, 32 , which may have a greater impact at weekends. The lower mortality rate in patients admitted to a transplant centre from other areas also indicates some selection effect whereby the specialist centres tend not to accept transfers of patients with a poor prognosis. Strong weekend mortality effects were apparent for hepatic failure, alcoholic hepatic failure and alcoholic liver cirrhosis, but not for alcoholic hepatitis, a reversible disorder that carries lower mortality. Unscheduled admission rates of patients with severe liver disease were especially lower at weekends in both countries (43⋅3 per cent in England and 51⋅4 per cent in Wales), and admissions via general practitioners were greatly reduced at weekends, so that the dilution effect referred to above would apply. Most of the increased 30-day mortality for weekend admissions, compared with weekdays, occurred within 7 days of admission, which further suggests that more patients with end-stage disease are admitted at the weekend.
There was a remarkably consistent and large weekend mortality effect in both countries (of between 18⋅5 and 39⋅7 per cent) for each of the five major GI malignancies, oesophageal, gastric, colorectal, liver and pancreatic cancer. These findings are concordant with the limited previous evidence from Ontario, Canada, where weekend mortality effect sizes of 25 per cent for gastric cancer, 19 per cent for colonic cancer and 15 per cent for pancreatic cancer were reported 9 , and from New South Wales, Australia, with a weekend effect of 40 per cent for digestive cancers overall 12 .
Mortality rates and the weekend mortality effect were lower in patients with cancer who were managed by surgeons than by other specialties, and among patients admitted via a consultant clinic. The weekend effect was large for patients admitted by general practitioners; this is much less frequent at the weekend. A previous study 33 of all major surgery in the north of England reported no weekend effect from day of admission, but a weekend effect from day of surgery. For each of the GI cancers, both unscheduled admission rates and the proportion of admissions via general practitioners were consistently lower at weekends than on weekdays, and most of the excess mortality for weekend admissions occurred soon after admission. This suggests that more patients with terminal disease are admitted at the weekend; this may be linked to reduced availability of hospice and end-of-life care in the community outwith normal working days 12, 34 .
The major strengths of this study are that it provides evidence of possible weekend mortality effects for all major emergency GI disorders and, importantly for confirmatory purposes, is based on two independently collected information sources. It covers more than 2⋅2 million emergency GI admissions in England and over 150 000 in Wales, and is based on systematic validated record linkage methodology that has been used extensively in previous studies 3,15,22 -24 . A further strength is that the GI disorders included in this study are defined by acute admissions and exclude elective admissions, which are often for investigation rather than treatment for active or present disease 35 . The inpatient data sources are confined to public hospitals, but these account for almost all of the acute admissions in the two study populations.
Study limitations are that the national administrative inpatient data used lack detailed information about disease history, severity and treatment, and the principal diagnosis in national administrative inpatient data is not accurate in all cases 36 . Furthermore, the diagnostic categories for the included GI disorders are limited by lack of granularity of ICD-10 coding. The coding of co-morbidities, although based on records of all secondary care received by patients currently and during the previous 5 years, is likely to be incomplete for some patients. The consultant specialty managing and treating patients was recorded in the administrative data only for the first and last episodes of the admission, and the specialties classified did not distinguish hepatology separately from gastroenterology. However, this would still have enabled ascertainment of almost all patients managed by surgical and gastroenterology specialties. The inpatient data sets do not include the time of admission, which has limited the ability to define the weekend more precisely than midnight on Friday to midnight on Sunday. In spite of these limitations, the sizes of the populations studied and the consistency of the findings across two neighbouring countries suggests validity.
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